1.
The results presented in this paper were obtained in the course of research conducted under Contract N7onr-35810 between the Office of Naval Research and Brown University.
Bll-1
-2-
to the sam~e limitations of anplication. In particular, the dimensions of the reinforced part of the slab must be such that it may be reasonably approximated by a curved beam in which shear forces may be neglected.
In a discussion of the paner by Weiss, Prager, and Iodge, English [2) pointed out that if uniaxial loading alone is considered, a non-circular reinforcement could be desi[-ned such that two sections become fully plastic simultaneously. In the present *aper, this idea will also be extended and a reinforce:aent designed which becomes fully plastic simultaneously at each section. As will be seen in the later development, this recquirement of simultaneous full plasticity does not lead to a unique design, even for a given height so that certain additional conditions may be imposed. Since these conditions are most easily stated in terminology which is yet to be introduced, we shall postpone their discussion to Secs. 3 and 4.
It must, of course, be pointed out that any such analysis will bervalid only within the liited fra-nework of beam theory, and must therefore be viewed merely as a first apYro::imation.
Method of solution,
The method of design used here is based upon a theorem of Prager, Drucker, and Greenberg (3), This theorem states that if any set of stresses can be found which are in equilibriixi with the given loads, and 'rhich nowhere violate the yield condition, then the slab will not collapse under the given loads, For the present problem, the unreinforced part of the plate is assumed to be in a state of uniform plane stress, so
Bil-15 -3-that the tractions applied to the edge of the slab will be transmitted directly to the hub. Since the loads cannot cause yielding in the slab, it remains only to consider the state of stress in the hub.
The stress resultants to be considered are defined in Fi;.
1. Since shear is to be neglected, the stress resultants consist of an axial force N and a moment M. "e choose two perpendicular axes of symnetry as the coordinate a:res. The equation of the cutout is then given in polar coordinates by
The reinforcement is of radial thickness 6, so that the equation of its outer contour is r = a(9) + b (9). Consider now equilibrium of the section 0ABCD (Figs. 1, 2) .
As was previously stated, the statically admissible plane stress field in the unreinforced slab is one of uniform stress, so that the external, uniformly distributed loads are transmitted directly to the hub. For convenience of formulation we replace these If the hub is to become fully plastic everywhere, then Eq.
2.7 must hold for all values of g. Substituting Eqs. 2.5 and 2.6 into 2.7 we obtain an equation for the thickness 5(G) of the hub,
The computations for the case of general loading become quite involved so that we shall consider in detail the two special cases of uniaxial and equal biaxial tensions.
Inaxa nn.
Let the direction of the applied tractions be parallel to the x axis, and let the hub be designed so that it restores the cutout slab to full stren-th. Then where the subscript 1 denotes the value of a quantity at 9 = n/2.
Eliminatin'; 51 between Eqs. 3.3, we may solve for the ratio of hub thic':ness to slab thickness in terms of the hub width at
The substitton of Eqs. 3,4 and 3.2 into 3. 
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0ince by hypothesis M(G) is increasing in the first quadrant and zero at 9 = n/2, it is everywhere non-positive, so that Ev. We shall find it convenient to define the following dimensionless quantities: Since p must be positive, the larger root of Eq. 3.3 is correct.
becomes
Using tho abbreviation f(G) = sin 2 /1( + 2 ), (3,9)
we may write the solution in the form However, the discriminant of this equation is
V%.2,2fl(1+ f)
Since, by our choice of axes, a < a o this means that the above equation does not have real roots, so that the hypothesis that M > 0 is not a valid one. For uniaxial tension, however, the substitution a = const.
into -q. For biaxial tension, the axes must also be chosen along the diagonals, so that a(@) is still given by Eq. 5.6. In Fig. 7 we have sketched the reinforcements for the three types of loading corresponding to a thickness ratio of H/h = 1.5.
6A.. imitatioLas nd conclusions. As a preface to any conclusions, the limitations of the results must be pointed out.
A detailed discussion of the general validity of beam theory as applied to reinforcement problems is contained in [I) and iril not be repeated here. However, it should be pointed out that on the one hand, the depth of the beam must not be too small 
